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Enhanced Immune Reconstitution by Sex Steroid Ablation 
following Allogeneic Hemopoietic Stem Cell Transplantation 1 

Gabrielte L, Goldberg, 2 * Onder AIpdogan, + Stephanie J. Murig1an, f Maree V. Hammett,* 
Morag K, Milton,* Jeffrey M. Eng, f Vanessa M. Hubbard* Adam Kochman^ Lucy M. Willis,* 
Andrew & Greenberg,* Kartono BL Tjoe> + Jayne S. Sutherland * Ann Chidgey,* 
Marcel ML van den Brink and Richard L. Boyd 3 * 

Delayed immu ne reconstitution In adult recipients of allogeneic hemopoietic stem cell transplantations (HSCT) is related to 
age-induced thymic atrophy. Overcoming this paucity ofT cell function is a major goal of clinical research but in the context of 
allogeneic transplants, any strategy must not exacerbate graft- vs-host disease (GVHD) yet ideally retain graft-vs-tnmor (GVT) 
effects. We have shown sex steroid ablation reverses thymic atrophy and enhances T cell recovery in aged animals and incongenic 
bone marrow (BM) transplant but the latter does not have the complications of allogeneic T cell reactivity, Wb have examined 
whether sex steroid ablation promoted hemopoietic and T cell recovery foJJnwing allogeneic 11SCT and whether this benefit 
was negated by enhanced GVHD. BM and thymic cell numbers were significantly increased at 14 and 28 days after HSCT 
in castrated mice compared with sham-castrated controls, In the thymus, the numbers of donor-derived thymocytes and 
dendritic cells were significantly Increased after HSCT and castration; donor-derived ttM precursors and developing ft cells 
were also significantly Increased. Importantly, despite restoring T cell function, sex steroid inhibition did not exacerbate the 
development or GVHD or ameliorate GVT activity. Finally, IL-7 treatment in combination with castration had an additive 
effect on thymic cellularity following HSCT. These results indicate that sex steroid oblation can profoundly enhance thymic 
and hemopoietic recovery following allogeneic HSCT without Increasing GVHD and maintaining GVT. The Journal of 
Immunology, 2007, 178: 7473-74B4. 



Allogeneic hemopoietic Stem cell (HSC) 4 transplantation 
(HSCT) is a potentially curative therapy for a variety of 
hemological malign ancic*. Despite improvements in the 
overall survival of transplant recipients, infections (particularly vi- 
ral and lunpaj) remain a major cause of posttransplant morbidity 
and mortality. In adulLs, the. increased incidence of infections is 
directly related to prolonged immune deficiency. In contrast* chil- 
dren generally recover immune capacity wiihin -"4— 6 mo after 
HSCT (J). The delay in lymphoid recovery in adult recipient? is 
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dependent on a variety of factors bui seems io be primarily related 
to the age-associated progressive decline of naive T cell export 
from the thymus (1). 

This decrease in T cell output results in a narrowing of the TCR 
repertoire and a loss of humoral and cell-mediated immunity in 
adults (2). This thymic involution becomes particularly pro- 
nounced uftcT pubeny. coinciding with an increase in the produc- 
tion of sex steroids (3-7)* 

Because thymocyte export is directly proportional to the eel- 
luiaricy of the thymus (8. 9), ogc-rclatcd thymic atrophy results 
in a gradual decrease in recent thymic emigrants (RTEy) (10, 
1 1) and a decrease in the naive to memory T cell ratio (11-14) 
resulting in a restricted TCR repertoire in both CD4* and 
CD8"* T cells (15, 16). 

In addition, T cell proliferation in response to nonspecific and 
reccptor»mcdiaicd (CD3/TCR) stimulation is severely compro- 
mised with age (17-1 9X B cell function is also diminished with 
age, which is in part, due to the decline in T cell production and 
subsequent lack Of T cell help. However, there ore also sienincant 
age-associated changes inherent to B cell (unction (20). Despite B 
eel) numbers remaining relatively constant throughout life due to 
tightly regulated hoineostadc mechanisms, there is a decrease in ex- 
port from the bone marrow (BM) and a subsequent clonal expansion 
of peripheral B cells and thus a narrowing of the Ab repenoire (21). 

Decreased Ab responses lo foreign Ags in the aged are thought 
to be primarily due lo a decline in T cell help (20. 22). However, 
defective class switching (23) and a preferential loss of high-af- 
Bnity Abs may play a role (24). 

Collectively, these data strongly align aging to a decline in im- 
mune capacity involving both cellular and humoral responsive, 
ness. Although these age-related changes appear to be largely be- 
nign in healthy individuals, they have a 'profound impact in 
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severely imrnunotlepresscd slates, such us HIV infection and ther- 
apeutic mycbablaiion and lyrnphoaJblaiion. In such cases, lympho- 
- cyte recovery is severely retarded with age. The atrophic thymus is 
unable to reconstitute CD4* T cells that arc lost during HIV In- 
fection (25) and CD4 + T celts take three io four times longer to 
return to normal levels following chemotherapy in postpuberal 
patients (26). 

We and others have demonstrated that surgical and chemical 
castration both delay the onset of. and reverse, age- related thymic 
atrophy (3-7, 27, 28). Increases in thymic ceUulaiiiy, T cell emi- 
gration, and peripheral T cell function have been found following 
sex steroid oblalion in aged mice (27) (29, 30). Castration of aged 
mice also results in an increase in IL-7 -responsive B cell progen- 
itors (including la£e pro-B cells, ore-B cells, and immature B cells) 
and peripheral B cells (31). This increase in circulating B cells is 
largely due to an increase in the number of recent BM emigrants 
(CD45fc lo, XD:24 M ' h ) and these cells remain at an elevated level 
for up to 54 days after castration (31)- 

More recently, we have investigated whether the inhibition Of 
sex steroids can be used to enhance the recovery of die hemopoi- 
etic system following HSCT, using con gen ic transplants as a 
model' Pot autologous HSCT. We showed thai sex steroid ablation 
enhanced thymic reeonstitution (27). However, this model does 
not have the clinical complications of allogeneic HSCT, where the 
recipients need to balance the polarized effects of GVHD and GVT 
as well the increased susceptibility co posttransplant infections. 
These problems coupled with the regular posuransplam immuno- 
deficiency rcpreseut major challenge 5 in ihe clinic In this initial 
study, wc also showed preliminary data thai chemical castration, 
using an luteinizing hormone-releasing hormone agonist, increased 
overall thymocyte number in allogeneic HSCT. However, we did 
not examine the nature or extent of the T cell or BM recovery and, 
moat importantly, the issues critical to allogeneic HSCT: whether 
the impact of renewed T cell function, which could also include 
donor-derived T cells, exacerbated graft-vs-host disease (GVHD) 
yel retained graft tumor (GVT). Therefore, the present study 
addressed in detail the impact of sex steroid ablation on immune 
and hemopoietic rccoiutiturion and the levels of GVHD and GVT 
in the context of allo-HSCT as well as in vitro and in vivo T cell 
function. 

We round a remarkable increase in T and B cell reconsutution 
without an exacerbation of GVHD or loss of GVT activity in mice 
castrated (cx) before HSCT. Proliferation, cytotoxicity, and de- 
laycd-type hypersensitivity (DTH) assays were used to determine 
ihe function of the lymphocyrcs produced. lL-7~ /_ and KGF~'~ 
mice and RT-PCR for several growth faciors were used as a means 
to elucidate the mechanisms by which this enhanced reeoustituiion 
occurs. 



Materials and Methods 

Rcogenrs 

Anli-murfne CD167CD32 FcR. block (2.4G2) and oTJ of the following flu- 
orochrc me- labeled Ah* against murine Ags were obtained from BD 
Pbanningco; Ly9.1 (30C7), CD127 (1L-7R) <A7R3*XTER1 19 (TER-1 19) 
CD3 (145-2CU). CD4 (RM4-S). CD&j0,2 (53-5.8), TCR.p (H57-597). 
CO43R/B220 (RA3-«B2). CD43 (S7) r IgM-FTTC (R6-6U2), CD lib (Ml/ 
70), Ly-6G (Cr-1) (RB6-8C5), c-kfi (2BB). Sca-l (D7X CDIlc (HL3), 1-A* 
(1)5.2); isotypc controls: r« [£G2a-k (R3^95), rai IgG2a-l (B39-4X rat 
IgG2b-(A95-l), ret IgGl-k (R3-34), hamster j£G-$roup Mr (A19-3). ham- 
ster IbG group 2-1 (Ha4/8), and 2.4G2 anli-FcK (V'cR blocking). Strepta- 
vidin-FTTC, PerCP«PE also were obtained from BD Phormingcn. 

Recombinant human 1L-7 was provided by Dr. M Morre (Cytheris, 
Vnnvcs, France), It has been confirmed iboi ihe proliferoilve effeci of hu- 
man recombinant is equal to murine 1L-7 02). Tlssue-culuire madiuru 
consisted of RPMI 1640 supplemented with 10% heal-inaCtivated FCS, 



100 U/ml penieillm, 100 Mfi/ ml streptomycin, and 2 mM L-fclutamine (as 
well as 50 mM 2-ME for die culture of cell* and proliferation assays). 

Mice and HSCT 

Male C57Biy6J (B6. II-2*), C3PeBbTi/J([BG X C3H]F,; H^), B10.BR 
<H-2 k ). B6D2F1/J (H^). CBAiO (H-2*), BALB/e (H.2") B6;129- 
FgfxmlEfu (tCOP~ /_ ) mice were obtained from The Jackson Laboratory 
and twad in experiments when Ihey wer* between B and 12 wk of age. 
n>7^ mice (BALB/c) were provided by Dr. B. Rich (Harvard Institute 
of Medicine, Boston, MA), KCF~ f " and IL-7"*'" mice were used between 
4 and 7 mo of age. RAG2p-GFP trans genie (Tg) mice (FYB background: 
H2 9 ) were provided by M. Nussenzweig, (Rockefeller University, New 
York, NY). HSCT protocols were approved by the Memorial Sloan-Ket- 
lering Cancer Center Institutional Animal Cw and Uae CommiUcc. The 
BM cells were removed aseplically from femurs and libfofi. Donor BM was 
depleted of T cells by incubation with anu-Thy-1.2 for 40 min at 4'C 
followed by ineubaiion with Low-TOX-M rabbit complement (Cedarfanc 
Laboratories) for 40 rtlin »t 37"C Splenic T cells (for GVHD experiments) 
were obtained by purification over 4 nylon wool column. Cells (5 x \0r 
BM cells with or without splenic T cells and tumor cells) were resuspended 
in DMEM OnviirogCn Life Tachaologics) and transplanted by tail vein 
infusion (0.25-mI total volume) into leihaliy irradiated recipients on day 0. 
Before q-ansplaruauon, on day 0, recipients received 1300 cCy total body 
irradiation ( I37 Cs source) as split dose with 3 h between doses (io reduce 
gasuointestinnl toxicity). Micro were housed in sterilized mtcroi&olator 
cages and received norma) chow and auioctavtd hyperehlorinaied drinking 
water (pM 3.0). Cell lines A20 and PB15 were obtained from American 
Type Culture Collection. 

Surgical castration 

Mice were anesthetized and a small scrotal incision was node to reveal the 
lestn. These were sutured and removed along with surrounding fatly tis- 
sue. The wound was closed using surgical staples. Sham castration required 
die same surgical procedure, except for the removal of die testes. Castra- 
tion was performed 1 day before BM transplant for both immune recon- 
sdluLion and GVHD/G VT studies. 

Flow cytometric analysis 

BM cells, splcnocytes. or thymocytes were washed In FACS buffer 
(PBS/2 tf> BS A/0.1 % axkte) and 1-2 X \& cells were incubated for 30 min 
at 4 C C with GDI67CD32 FcR block. Cells were then incubated for 30 min 
at d*C with primary Ap$ and washed twice with FACS buffer. Where 
necessary, cells Were incubated with conjugated sirepinwidin for a further 
30 min at 4 Q C. The sunned cells were rcSuspended in FACS bufler and 
analyaad on a FACSCalibur flow cytomcter (BD Biosciences) with 
CellQuesi software. 

Proliferation assays 

For one-way MLRS, splenOcyies for transprarited mice (4 X 10' cells/well) 
were incubated for 5 days with irradiated (2000 cGy) BALB/c splcnocytes 
as Stimulators (2 x 10 s cells/well) in 96-well plates. For pan T cell acd- 
vaiion, splcnocytes (4 X 10 3 cells/well) were stimulausd wiUi und-CP3 
(HS-2clI) and anti-CD2S (37.51) (Z5 /ig/ml as a final concentration of 
each) for 4 d*y*. In both assays, culuircs were pulsed during the final IS h 
wilh 1 fiCi/well [ 3 H]0iymidinc and DNA wjw harvcpied gn q Top Count 
Harvester (Packard Biosciences). Stimulation indices were calculated as 
the ratio of stimulated cells (cpm) OV^r unstimulated calls (cpm). 

f, Cr release assays 

Target cells were labeled wiLh 100 /uCi 5, Cr at 2 X 10* cellsmil for 2 h at 
37*C and 5% COa- After three washes, labeled targets were plated at 2-5 X 
lOtalls/weU in U-bouoro plates (Costar). Splcnocytes cultured with irra- 
diated BALB/C Splenocytes (1:2 rado) for 5 days were added at various B:T 
ratios in a final volume of 200 fd to 4~6 wells and incubated Tor 4 h at 
37 *C and 5% CO x . Subsequently, 55 fxi of supernatant was removed from 
each well and counted in a gamma counter (Packard Biosciences) to de- 
termine experimental release. Spontaneous release was obtained from wells 
receiving target cells and medium only; toial release was obialned from 
wells receiving 5% Triton X-100. Percent cytotoxicity waa calculated by 
the following formula: percent toxicity » 100 x (Cexperimcntal release - 
spontaneous ra)aa£A)/(toud release — spontaneous release)). 

Detection of alloreacttvc T celt clones with intracellular IFN-y 
staining 

Briefly, splcnocyics were incubated for 12-15 b (for secondary allogeneic 
summation with T cell-depleted (TCD). irradiated stiraulutor cells) with 
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' Brcfcldin A (10 jig/ml), harvested, washed, siained wilh primary (surface) 
fluorochrornc (PITCIPeiCP, and allOpbyeoeyartiu^njugAiad Abs, fixed, 
and permcabirized wilh the Cytofix/Cylopcrm kit (BD Fharrnipgen), and 
subsequently stained with anii-IFN-y PE. FACS analysis wns conducted by 
gatlnfi for ihe designqred populations- Flow cytomcier and software were 
used os mentioned below. 

DJ7J assay 

Sharn-cx and cx mice were sensitized day 42 after allogeneic RSCT by tail 
vein injection wilh 200 }A of 0.01 % sheep RBC (Colorado Serum) in PBS. 
Sensitized animals were challenged ai day 40 in the right bind footpad with 
50 jxJ of 20% sheep RBC suspension while die left hind footpad received 
the some volume of PBS solution as a control. Fony-ei£hi hours later, 
footpad swelling was measured wilh a diaKlhickncss gauge (Miluteyo). 
The magnitude of the response was determined by subtracting measure- 
menu of PBS -injected left footpads from the experirnenlal right ones. 

Assessment of GVHD 

Two models of GVHD were used: CS7BL/6J (H-2 b ) into C3FeB6Fl/J 
(H-l^) — a major mismaich model and B10.BR into CBAAJ 

(K-i k >— a minor mismatch model. Three different T cell doses were used 
in the minor mismatch modal: 0.1 X 10*, 0.5 X \&, and I X 10*, The 
severity of GVHD was assessed with a clinical GVMD scoring system as 
first described by Cooke et al. (33). Briefly, eai«ta£fied animals m coded 
cages were individually scored every week for five clinical parameters on 
a scale from 0 to 2: weight loss, posture* activity, fur. and skin. A clinical 
GVHD index was generated by summation of the rive criteria scores (0- 
10). Survival was monitored doily. Animals with scores of 5 or more were 
considered moribund and *were humanely killed. 

Assessment of GVT-PB15 (H-2 d ) mastocytoma induction and 
assessment of mastocytomic death vs death from GVHD 

B6D2F1/J recipients received 1 x io° p«i5 CH-2d) cells i.v. on day 0 of 
allogeneic HSCT (5 X 10 s TCD BM cells and 5 X 10 s T cells of C57B1/6 
origin). Survival was monitored daily and the cause of death after HSCT 
was determined by necropsy by Our veterinary pathologist Dr. H. T. 
Nguyen (Cornell University. New York. NY) as previously described. 
Briefly, death from leukemia was liaracterizcd by hcpatospJenomegaly 
and the presence of mastocytoma cells in liver and spleen on microscopic 
examination, whereas death from GVHD was defined as the absence of 
hepatOSplenom^galy znd leukemic eel Is in liver and spleen, and tba pres- 
ence of clinic at symptoms of GVHD as assessed by our clinical GYHD 
scoring system at the rime of death. 

Administration offL-7 

was either given from days 0 to 13 or 21 m 77 Lp. at 10 U£/day for 
immune reconsiiiuibn studies. PBS was injected inu> conlrol mice Ot the 
same lime points. 

Thymic stromal cell isolation 

Thymic stromal cells wen} isolated as described in ftef, 34. Briefly, thymic 
iissue from at least 10 miceAreaiment group was digested in 0.125% (w/v) 
collagonase D (Roche Applied Sciences) » then trypsin (Sigma-AIdrich) and 
0.1Hb (w/v) DNase (Roche Applied Sciences) in RPMI 1640. Cells were 
incubated wilh nmi-CD45 microbeads and depleted of CD45T cells using 
on autoMACS (Milienyi Bioiec), 

Semiquantiiative RT-PCR 

Total cellular RNA from whole BM and CD45~ thymic stromal cells was 
reverse-transcribed using Superscript II reverse transcriptase (Inviirogcn 
Life Technologies). cDNa was PCR-amplified for 35 cycles (94 8 C for 
50 r, 56°C for 30 S: 12"C for 60 *) wilh PCR Master Mix (Prom^a). 

HPRT; 5'-CACAGGAC^AOAACACC^OC-3 , and 5'-GCTGGTOAA 
A AGG ACCTCT-3 'TGF0 1 : 5' -CTACTGCTTCAGCTCCAC AC-3 ' and 5 '- 
TGCACTTGCAGGAGCGCAC-J' and K.GF: 5 '-G CCTTGTC ACG AOCT 
GTTTC-3' and S'-A(iriTCACACTCGTAGCCGTTTG-3\ IL-7: S'-GCCT 
OTC ACATCATCTCiAGTGC-3 ' and J^TGaaCCaGTaOATTCiTGQA 
GGTTG-3'. 

En&inic digestion ofllrl~'~ thymi 

JL-l~ f ~ mice, havfna a marked reduction in thymocyte development, con- 
tain a large proportion of CD45" thymic stromal cells and hence each 
thymus was subjected to enzymic digestion in 0.125% (w/v) collagenase/ 
dispose (Roche Applied Sciences) with 0.1% (w/v) DNase, to release most 
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FIGURE 1. Castration enhances reconsLiluuon of the BM in allogeneic 
HSCT recipients. Eight- to 12-wk-oIU mate CBA mice were shnra-cx or cx 
and transplanted with 5 x 10* 31 0.BR TCD BM cells. A, BM cellularily. 
B and C» Lineage mixture comprised CD3. CDS, CD4, CW5R, Grl, 
CDilb, NK1.1, and TER119 tenor-derived LSK CLy9J-L]n-c-*fr*Sco- 
l*) (0) number and donor-derived CLP (Ly9. 1 ~Lin"c-*/r luw Sca- 1 bw TLr 
7Re> T ) (C) number donor-derived 3 eel! precursor number: prO'B eells 
(Ly°.l"B220/Cf>l5R i 'CD43 + ^M-) (D); pn>B ceDs (Ly9.1* r B220/ 
CD45R 4 'CD43*lgM + ) > and immature B cells (Ly9.1"B12Q/CD45R* 
CD43~)gM"*'). 0» Age-malched, untreated corUroIsi Q, shonvcx mice; 
a mice, p < 0.05 and each group combined four io five animals. 



of the stromal and lymphoid cells. This allowed for the accurate calculation 
of [oral cellularily. Stromal cells were identified as being CD45"\ 

Statistics 

All values arc expressed as mean — SEM. The Mantel -Co* log-rank test 
was used for survival data and M\ other juailsiieal analysis was performed 
with ihn nort para metric, unpaired Maim-vyhJujey U test, A p value of 
<0.0S was considered starislkaUy si^ni/icanL 

Results 

Castration increases BM celluUuity, NSC numbers, and 3 cell 
precursors 

Male CBA mice were cx 1 day before allo-HSCT. There were sig- 
nificantly more cells in the BM (16 X itf 5 ± 1.4 X 10 6 ) of cx mice, 
compared wilh the sham-cx controls (9.5 X 10 6 ± 3.0 x 10 s ) as early 
as 14 days after HSCT (Fig. lA). These numbers remained elevated ill 
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FIGURE 2> Thymic cd hilarity and 
donor-derived thymocyte and DC num- 
ber nrc significantly Increased follow- 
ba alio HSCT and castration. Hghi- 
to 12-wfc-oJd male CBA mice were 
sham -ex ur c* and iransplamcd will) 
5 X 10* B10.BR TCD BM Delia. A, 
Thymic cellulorily. B, Donor-derived 
TN cells 0,y9.1 - CD3-CD4-CD8"). 
C. Donor-derived DP cells <Ly9.I" 
CD4 + CDS*). 0, Do»OT-*sKvisd ma. 
turc CD4 SP cells (Ly9.]"CD3"CD4 T 
CDS"), 5, Donor-derived mature CDS 
SP colls (Ly9.1-CD3 + CD4-CD8 + ). 
ft Host-dcrived DCs a^9.l + CDJIc + 
MHQl^). g, Donor-derived DCs 
CLy^.l-CDllc ,f MHCn ,,, » h ). Q Agc- 
maiehcd, untreated controls; sham- 
ex mice; cx mice. *, j> < 0.05: 
**% (p < 0.01) and each group con- 
tained four to Jive animals. 
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cx mice aiday 28 (BM; 22 x 10* £ 4.0 x 10* vs 14 x 10* ± 2^ x 
]Q*), The cx mice hud begun to approach pretransplanj levels at this 
time point. By day 42, there was no longer a difference between OX 
and shnm-cx mice wiih re&pect to BM ccllularity. 

Several studies have shown lhat sex steroids inhibit the prolif- 
eration and/c* differentiation of early hemopoietic precursors (35- 
37). Therefore, the impact of castration pn donor-derived LSK 
(Lincage"Sca-l *c : br) numbers in the allogeneic HSCT serring 
was investigated The number of donor-derived LSK (Ly9.1"~Lin~ 
5ca-l *c-kif*) was not significantly different 14 days after allo-HSCT 
CRg. 19), By day 28, there were more Ly9. 1 ~ Lin'Sca-] * t>kli* do- 
nor-derived L$Ks in the BM of at mice compared with the sham-cx 
controls. Donor-derived LSK numbers in both treatment groups were 
approaching pretraniplant levels and there was no difference in donor- 
derived MSC number 42 days after allo-HSCT (Fig. IB). 

Don or-4crived commcm lymphoid precursors, defined asLineage " 
C-W/ ,ow 5ca-l fpw IL-7Ra*. were also significantly increased in cx 
mice 14 and 28 days after allo-HSCT (Pig. 1Q. This finding is in 
agreement with earlier &;odies that suggest that lymphoid progen- 
itors arc steroid sensitive (36, 37). 

In our analysis of B cell recovery, three stages in B cell 
development were distinguished: pro-B cells (C£>45R + CD43 + 



IgM~), pre-B cells (CD45R"**CD43~IeM"), and immature B 
cells (CD45R '' CD43 ~ IgM **"). As early as 14 days after allpgc^ 
neic HSCT, pre-B cell numbers in the BM of cx mice had reached 
preiransplant levels (5.5 X 10 s r 1.7 X 10 15 ) and were rfgnificanrly 
higher than me diam-cx comrols (2.08 x 10* r 5.0 x If/ 1 ) (Fig. 
10). At day 2B. again there were significantly more pre-B cells 
(shanw 3.1 X 1C? ± 3.7 X 10* c,f. cx: 6.6 X 10 fi ± 6.6 X 10*) 
and immature B cells (ahom-cx: 1.3 X 10 6 ± 2.6 X 10 s cX cx: 
3.0 X Iff* ± 3.4 X 10*) in Ihe BM of cx mice (Fig. ID). 



CAstralion before allo-HSCT results in an increase in thymic 
cellularlty as well as thymocyte and dendritic cell (DC) numbers 

At the early time point of day 14, thymic cellularicy is increased in 
cx mice <55.4 X 10° ± 1.8 x 10**) compared with sham-cx control 
(25 X 10* ± 2.6 X 10 6 ) (Fig. 2A). These numbers remained sig- 
nificantly elevated in cx mice 28 days after HSCT (72 X 1 0* ± 
5.9 X 10° vs 45 X 10 6 ± Z9 x JO*). By day 42. there was no 
longer a significant difference between cx and sham-cx mice wilh 
respect to thymic cellularity. 

Donor-derived thymocytes (Ly9.1 ") were divided into devel- 
opmental suges on the basis of expression of CD3, CD4, and CD8: 
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FIGU&E 3. Castration enhances dOnOr-derived pe- 
ripheral T and 8 cell mconstimiion in allogeneic 
HSCT recipients. A-C, Eight- to 12-wk-old male 
CBA mice were sham*cx or ex and transplanted with 
5 X 10 tt fil0.BR TCD DM cell*. A, Splenic cellular- 
iiy. B, Donor-derived B cell number based on the 
expression of CD45R/B220, IgJvJ, and CD43 Pro* 
B cells (Ly9.rB210/CD45R*CI>43*lEM-). prc-B 
cells (Ly9.rB22(VCD45R*CD4J*lBM*), mid im- 
mature B cells <Ly9.1~B12Q/CD45R ir CD43"*lBM 4 ). 
C, Donor CD4 T cells were Ly9. 1 ~CU3 XO-TCDIT 
and donor CDS T cells were Ly9.1~CD3^CD4~ 
CDS*. □, Age*maiehed, unireared controls'. 0, sham- 
ex mice; ■. ex mice. *. p < 0-05, »•♦, p < 0.01 and 
each group contained four to flve animals. D and E, 
Eight- to 12-wk-old male BALB/c mice were 
sham-cx or ex and transplanted with 5 X 10"° TCD 
RAG2p-GFP Tg BM cells. 0, Ly9.T CD3 "GFP 4 
RTEs in blood (per milliliier). E. Ly9.1-CD3 T GFP^ 
splenic RTEs day 42 post, allogeneic HSCT. *, p < 
0.05 and each group contained five to seven animal*. 



B 




Control 



14 23 
Days after HSCT 



% 




X 


120" 
100- 




B0- 


bft- 




JO* 
31 



3L 



Days alter HSCT 



•Q* 



u Ul 



JL 



CTw | £S>I 




CO* | CO* I WW | -JOB j crw [ OM 
N I M I 4 

Days after HSCT 





I 



Days after HSCT 



triple negative (TN) (CD3"CD4 - CD8~). double positive (DP) 
(CD4 + CD8 + > r single-positive CD4 (SP CD4) CD3*CD4* , CD8~ I 
and COS (SP CD8)-CD3-"CD4~CD&"" (Fig. 2, £-£). There 
were no differences between sham-cx and cx mice wheu compar- 
ing the proportions of ihc different thymocyte subsets (data not 
shown). At day 14, the donor-derived thymocytes in both groups 
were predominantly TNs and DPs (data not shown). However, as 
early as 14 days after allo-HSCT, there were significantly more 
donor-derived TN, DP, SP CD4 and SP CD8 thymocytes m cx 
mice compared with sham-cx controls (Figs- 2, &-£). Twenty- 
eight days after HSCT, DP and CD4 SP cell numbers remain sig- 
nificantly elevated in the cx group. By day 42, all thymocyte sub- 
sets wore equivalent in sham-cx and cx mice* 

Host and donor-derived DCs are thought to play integral roles in 
the avoidance of self and graft rejection, respectively (38). Both host 
and donor-clerived DCs in the thymus were significantly increased in 
the cx mice 14 and 28 days after allo-HSCT (Fig. 2, F and O), 



Splenic cellulariiy is increased with more dotwr-deriwd 
peripheral T and B cells 28 days after CasJralion and allo-MSCT 

Splenic eel hilarity in the cx mice was Significantly elevated above 
sham-cx spleen cell numbers 28 days after alJo-HSCT (253 X 10* £ 
28.4 X 10* VS 126 X 10* £ 13.9 X 10*) (Fig. IQ. The Cx mice 
had begun ro approach prctransplam ccUujariiics by day 28. 
Again, this may have been because che recipients were young 
mice and Ihcy had active posUronsplant lymphopoiesis which 
facilitated their recovery: the time required to generate normal 
cellularity in the primary and secondary lymphoid tissues in the 
sham-cx mice, however, was markedly delayed compared with 
cx recipients. 

The Increase in BM B cells and their precursors translated to a 
- significant Increase In the number of immature B cells in the 
spleens of cx mice, 28 days Qfter HSCT (sham-ex: 64.9 X 10° ± 
6.4 x 10* c.f. cx: 112.0 x 10* ± 10.0 X 10*) (Fig. 35). These 
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FIGURE 4, Casirailcm dees not alter the function or donor-derived T cells following allogeneic HSCT. Eight- 10 12*wk-0ld male CBA mice were 
sh»m-c» or'cx and transplanted with 5 X 10 6 BIO.BR TCD BM cells. FOrty^two days after transplantation, T coll functionality was assessed. A, 
Castration has no effect nn ihc proliferative cnpnbillly or T cells after allogeneic HSCT. Splenocyles were obtained /rem shum-ex (a ■ S) and cx 
(it - 5) for proliferation afisflys and were cultured for4 days with am1-CD3 arid anti-CD28 (5 p% plate-bound) and ['H]thymidine was added during 
Uic final IB h of culMi*. B, AUoreacuve T cell proliferation. Splenic T cells (4 X 10 s cells/well) were incubated with irradiated CZO Oy) BALB/c 
splenic tiimalaiof cells (2 X I0 3 cells/well) in 96-wcll plalcs for 5 day* [ 5 H] thymidine was added during the final 20 h or culture. Each group 
contained five animals. C, Cytolvuc activity of donor-derived T cells. Splcnocyles were harvested from the transplanted sham-cx or cx mice 
(described in Fig. 1) a*d culture* (2 x 10* cells/well) for 5 days in Z4-well plates with irradiaicd (20 Gy) BALB/C (third-pany) splenic stimulator 
cells (1 x 10 s cells/well). Cytotoxicity was determined against A*0 BaLB/c B cell lymphoma coll line) in a sl Cr release assay. D and £7, 
Intracellular tFN-y expression of alloreRclive T cells. Splenic B6T cells were harve*i±d on day 42 from shnm-cx or cx recipients as described above 
arid Incubated with irradiated (20 Gy) (BaUB/c. third party) splenic stimulator cells in 24-weU plates for 5 days. Cells were harvested* and 
rcstimulated with TCD, irradiated (20 Gy) (B ALB/c or B10.B* internal biological control) splenic stimulator cells Tor 16 b, Brefeldln A (10 mg/ml) 
was added after the first hour of incvbHicw. Intracellular IFN-y expression in flonor-derivod CT>3 + CD8* cells was measured by flow cytometric 
analysis. Representative plots are shown in D and graphically represented as ihc percentage of donor-derived CDB 1 " T cells lhat express IFN-y in 
E. F, Measurement of T cell functionality by DTH assay. DTH assay (see Materials and MltHo&v) was performed ai week 6 following allogeneic 
HSCT in sham-cx and cx mice, and the swelling was mensured by subtracting left hind footpad swell from the right hind one. 



results are in agreement with previous studies that auggest 
thai castration enhances B cell production and export from 
the BM (3D. 

The increase in thymocyte numbers In cx mice translated lo a 
significant increase in the number of donor-derived mature CD4* 
and CD8"*" T cells in the spleens of cx mice compared with the 
sham-cx controls at day 28 (Fig. 3Q. 

RTEfi are a distinct population of naive, immature, peripheral T 
cells that have recently lefi ihe thymus (9, 39). In this study, we 
used mice lhat have a GFP transgeno driven by the MLR 2 
(RAG-2.) pTCflnocer to identify RTEs. These mice, which have been 
used previously to identify RTEs (40). begin to express high levels 
of GFP at ihc CD4~CD8~ double-negative stage of ihymocytc 
development. GFP and RAG2 expression remain high throughout 
the CD4*CD%* DP singe of development and although RAG* 



expression decreases with the SP transition, theso cells remain pos- 
itive for GFP through SP maturation and export. Peripheral T cells 
contain GFP ,,,Bh , GFP 1 **', and GFP~ populations, of which Bour- 
sqlian et al. (40) have shown Lhai the GFP w * h are the most recent 
emigrants. 

In this study, we found an Increase in donor-derived (Ly9.l~ 
GFP*CD3*> RTEs in the blood aL days 28 and 42 (Fig. 3D) and 
spleen at day 42 (Fig. 3£) after HSCT in cx mice compared with 
sham-cx consols. The difference reached significance in the spleen 
at day 42 (Fig. 3£). 

On a per cell basis, there is no significant functional differ- 
ence between T cells rrom sham-cx and cx mice. To determine 
the functional potential of peripheral T cells in cx mice after 
allogeneic HSCT, a series of in vitro assay were performed. The 
proliferative capacity of ihc splenic T cells was tested in two 
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ways: ami-CD3/ariri-CD28 cross-l Inking (Fig. 4A) and in a 
third-party MLR (using irradiated B ALB/c splcnocytes as Stim- 
ulators) (Fig. 42*). There was no sign ifi caul difference in the 
proliferative capacity of peripheral T cells when comparing 
aham-cx and cx mice in either of chese sellings. Forty-two days 
after allogeneic HSCT, splenocytes were cultured with irradi- 
ated B ALB/c splenocytes (third party) for 5 days. Following 5 
days of allogeneic simulation, the vast majority of cells in cul- 
ture were CD8 4 " T cells. Half these cells were used in a CTL 
( 5l Cr release) assay to determine the cytotoxicity of splcnocytes 
from sham-cx and cx mice. Splcnocytes were tested for their 
ability to kill 5, Cr>loaded A20 (BALB/c B cell lymphoma tu- 
mor cell line) cells at different E:T ratios (Fig. 4C). There was 
no significant difference between sham-ex and cx mice with 
respect to cytotoxicity. The other half of the cells cultured for 
5 days were resrimulatod overnight with either third-party 
(BALB/c) or syngeneic (BIO.BR) irradiated splcnocytes and 
brefcldin A to determine IFN-t* production. Fig. 40 shows 
IFN-y production by donor-derived CD8 4 " splenic T cells fol- 
lowing BALB/c primary stimulation and either BALB/c or 
BIO.BR secondary stimulation (control). This is represented 
graphically in Fig. 4£. There was no significant difference in the 
proportion of IFN-7-producing donor-derived CDS'*' when 
comparing sham-cx and cx mice. To assess immune function in 
vivo, a DTH assay was used whereby 42 days after castration 
and allogeneic HSCT mice were senMtfzcd with sheep RBCs. 
On day 46, they were challenged and 24 and 48 h later, footpad 
swelling was determined. The DTH response was enhanced 
48 h after challenge when mice were cx al the lime of allo- 
HSCT compared with sham-cx controls (Fig. 4F). Collectively, 
these functional assays demonstrate thai, the T cells in cx re- 
cipients are comparable on a per cell basis with T cells from 
sham-cx recipients and arc capable of responding to novel Ags 
with intact proliferation, cytotoxicity, and cytokine production. 
However, the significantly more rapid T cell numerical rccon- 
stltution in cx recipients translates to an enhanced DTH re- 
sponse even al 42 days after transplant suggesting a persistence 
of the castration-mediated effects ; 
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FIGURE 5. Cosirftiicn administration docs not aggravate GVHD or de- 
crease GVT activity in alio pendc HSCT recipients. For A-£^ Solid line and 
filled circle is a TCD-BM-only (no T cells) control group; SCtid line and 
oudincd squares is a TCD-SM cx control group; solid line And filled tri- 
angle is the sham*cx treated group; and dolled line and outlined triangle is 
the ex-treated group. Control groups, n " 4; test groups, n - 6-10; sur- 
vival is depicted a$ a K a plait-Meier curve. A, GVT: LelbaHy irradiated, 
B6D2F1/J recipients received PolS 0Hf-2d) cells 0 X 10 3 ), CJ7/BL6 TCD 
BM cells (5 X 10*) and C57/BL6 T cells (5 X 10 s ). B. Major mismatch 
GVHD model: leihatly irradiated (B6 X C3H)F, recipienis received inuis- 
planu with B6 TCD BM cells (5 X 1 0°) pta splenic T cell* (0.5 X I0 6 ). 
C-£, Minor mismatch GVHD model: Icihally irradiated CBA recipients 
received transplants with B10.BR TCD BM cells (5 X \Cft and a range 
ofTccll doses: C. 0.1 X 10 6 T cells; Z?, 0.5 X 1 0* T cells; £ t 0- 1 X 10* 
T cells. 



Castration prior to allogeneic HSCT dots not exuetrbatz GVHt> 
and maintaitus GVT activity 

Both GVHD and GVT are mediated, primarily, by alloreactive 
donor-derived T cells, which are transferred with the allograft. 
Any treatment used to enhance immune reconstitution has the 
potential to exacerbate GVHD or, conversely, decrease GVT 
activity. 

To assess the effects or castration on CVT activity, we in- 
jected the mastocytoma cell line P815 (H-2d) into B6D2FI/J 
recipients at the time of transplant. Animals that died during [he 
experiment were autopsied and the cause of mortality (tumor vs 
GVHD) was determined. Mortality due to mastocytoma re- 
mained unchanged following castration (six of nine mice) when 
compared with sham-cx controls (five of eight mice). This sug- 
gests that castration docs not diminish GVT response following 
HSCT (Fig. 5/0. ■ 

To establish that castration docs not have a srimulaiory effect on 
alloreactive T cells of donor origin, GVHD was induced by the 
addition of allogeneic donor T cells to the allograft. Two models 
were used: a major mismatch model (C57BL/6J (H-2 b ) into 
C3FcB6Fl/J(H-2 b *)) (Fig. SB) and a minor mismatch model 
(B NXBR (H-2*) into CBA/J (H-2 K ) (Fig. 5, C-£). Three different 
T cell doses were used in the minor mismatch model: 0.1 x 10 6 
(Fig. 50. 0.5 X 10 6 (Fig. 5D)> and 1 X 10 6 (Fig, 5£). There was 



do significant difference in morbidity or mortality due to GVHD 
when comparing cx and sham-cx mice (Fig. 5, B~E). 

IL-7 and caitralion have an additive effect following 
altogeneic HSCT 

We and others have previously shown that IL-7 treaunent can In- 
crease the number of T and B cells in otherwise untreated animals 
and can also enhance lymphoid recovery following severe immu- 
nodepletion (32. 41-43). IL-7 is known to Increase T cell numbers 
through increased thymic activity as well as peripheral expansion 
(44). We therefore assessed the effects of IL-7 administration in 
combination with castration following allogeneic HSCT. Fourteen 
days after treatment there were significantly more cells in the 
thymi of cx mice and those given the combined treaunent (cas- 
irau'on and IL-7 administration). At ihts early time point, there 
was no difference seen between the PBS-ticaicd, sham-cx con- 
trols and the IL-7-irealcd, sham-cx mice. There was also no 
significant difference seen between the cx group and those re- 
ceiving the combined treatment, suggesting thai it only the 
effects of castration acting 14 days after allo-HSCT, IL-7 treat- 
ment, and castration (Fig. SA). At a later time point day 2a. the 
ccllularity of the thymi in both the castration alone group and 
the IL-7 alone group is significantly higher than the control 
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FIGURE 6. Castration and IL-7 treatment 
have an additive effect in ihc thymus follow- 
ing allogeneic HSCT. Bight- to 12-wk-old 
nude CBA mice were sham-cx or e* *nd 
transplanted with 5X10" B10.BR TCD BM 
oeUs. Recipient organs weifc harvest fed on day 
14 {A) received in addition 10 JL-7 or 
PBS (control) by Lp. injecdon from days 0 lo 
13. RecipdeniS killed On day 28 (5) nseaivMl 
10 jifiWay IL-7 or PBS from days 21 lo 28. 
Thymic cclluloriry was calculated from total 
cell counts. *, p < 0.05, t&ptwm a signif- 
icaw Increase in cell number in Die cx group 
compared with the a ham -ex convol. CouUX)) 
indicates, sham-ex. PBS injoctod; OL cx and 
PBS injected; IL-7: sbam-cx And IL-7 inject- 
ed; and IL-7 and CX: ex and IL-7 injected. C, 
Semiquantitative ftT-PCR was performsd on 
whole BM and CD45" thymic stroma (at 
least 10 miceAreaimant group) 24 days after 

allogeneic HSCT and castration. After HPRT 
equilibration templates from e* and stain-cx 
mice were compared for the expression of 
TGF£, and KGF. These results have been 
confirmed using BM end thymic stromal 
t&Mphia fmm a second experiment IL-7 re- 
mained undetectable in the BM and thymus 
for Mp to 28 days afiev HSCT. D, KGF" / " 
and IL-7"'" mice (n - 6-8) were shnm-cx 
or cx And 14 days Inter thymic, BM, and 
Splenic cdluJariry were analyzed. 
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group. Li addition,' the combination of IL-7 treatment and cas- 
tration had an additive effect on thymic ccllukrily ai day 28 
after allogeneic HSCT (Fig. 6B). 

Semiquantitative RT-PCRfor IL-1, TGF-pj> and KGF reveals 
an increase in fCQF and a decrease in TGF'Pj following 
allogeneic HSCT and castration 

RT-PCR analysis of whole BM cells revealed undetectable levels 
of 1L-7 transcript in both $ham-cx and ex mice as laie as 42 days 
after allogeneic HSCT (Fig. 6Q. When tcmplarc from control, 
un trans planted mice wfcrt USCd IL-7 was detected (Fig. 6C). 
TGFp, and KGF are known to be key mediators of hemopoiesis. 
Using 4-fold serial dilutions of template from at Icnsl 10 mice per 
treatment group, templates were hypoxaoihine phasphoribosyl- 
trartsferasc (HPRT) equilibrated and there appeared to be a de- 
crease in TGF0, and an increase in KGF 14 days after castration 
and allo-HSCT (Kg. 60. These results are reproducible with sam- 
ples from within the same experiment and samples from a second 
independent experiment. CD45" thymic stromal cell and 
KGF levels were also tested. There was no visible difference in 
cither growth factor when comparing template from shanvcx and 
cx mice. 

Changes ifuit occur following castration were seen in KGF''" 
mice but not IL'7~'~ nuce 

To further study ihe possible mechanisms behind the enhanced 
immune rcconsiiiuiign following castradon. KGF~'~ and IL-7 - '" 
mice (4-6 mo old n = 6-8) were cx and 14 days later, thymus, 
spleen, and BM were analyzed (Fig. 6D). TGF0,~'~ mice could 
not be analyzed because they die prcpubcrlally (45). Thymic eel- 
hilarity was significantly {p < 0.01) increased when comparing 
Sham-CX and CX KGF" ; ~ mice. Although no differences were seen 
in the total ccllularity of the BM and spleen at this early time point, 
changes were seen in the B cell compartment of the BM, as seen 
previously in wiJd-rype mice (31) (data not shown). Due to the fact 
that a large proportion of cells in the ihymi of lL-7~'~ mice are 
CD45 ~ stromal cells, enzymic digestion was used to obtain a sin- 
glc-cdl suspension when using these mice. By doing this, many 
more ceils arc released into suspension which accounts for the 
slightly larger thymic ccllularity seen in this experiment compared 
with previous literature (46). No differences were seen in the 
ihymi, spleen, or BM of lL-7~'~ mice when comparing cx mice 
and sham-cx controls (Fig. 6D). Taking imo account the variability 
within these experiments, it would appear that KGF is not oblig- 
atory for casttaiion'induccd immune recovery, while IL-7 may 
play a role. 

Discussion 

Recipients of an allogeneic HSCT experience a prolonged period 
of immune deficiency » which is often associated with life-threat- 
ening infections. With increasing age of the recipient, the risk of 
'infection increases us docs the time it takes for full immunological 
rcconsrituilon. The period of immunodeficiency following HSCT 
can bo >1 year and recent long-term studies demonstrated a 
decrease in TCR excision circle* 004* T cells in older HSCT 
patients compared with their donors (47, 48). This Suggests that 
thymic damage and the subsequent decline in T cell production 
may be more prolonged than once thought. The majority of 
post-HSCT infections ore associated with a lack of CD4* pe- 
ripheral T cells (49). 

It is widely accepted that there is an association between the 
clinical outcomes of HSCT and the number of transplanted cells 
(50-53). Transplantation of an insufficient number of progeni- 
tor cells may lead to delayed and reduced immune rcconsiitu- 



7481 

rJon and an increase in transplant associated morbidity and mor- 
tality (50-53). Jn this study, we have shown that there are 
significantly more donor-derived lineage "Sea- l"'"c-Mr i " LSKs 
and CLPs when castration is performed before alio- HSCT. This 
finding may allow for a decrease in the number of cells required 
for a viable transplant. 

Thymic production of naive T cells of a diverse TCR repertoire 
is essential for the establishment of normal T cell function follow- 
ing allo-HSCT (54-56). In an earlier study, we presented prelim- 
inary data that sex steroid ablation induced by agonist LHRH in- 
creased overall thymocyte number (27), however, we did not 
examine the nature or function Of these T cells, nor the impact on 
GVHD and GVT. We also did not examine any effects on BM 
recovery in allogeneic. Therefore, in the present series of experi- 
ments, castraiion of mice before allo-HSCT has been shown to 
reverse thymic damage caused by the conditioning regime and to 
enhance thymic rcconstitucion following allo-HSCT. The In- 
creased thymopaiesis was reflected across all thymocyte subset*. 
At the earliest time point, the donor-derived thymocytes were pre- 
dominately TNs and DPs. The more mature donor-derived SP cells 
followed at days 28 and 42. At the later rime points, in both the 
sham-cx and cx groups, the proportion of donor-derived thymo- 
cytes was equivalent to that of an untreated thymus suggesting 
normal thymopoiesLs and a lack of evidence for pathological T 
cells in the pos teas oration setting. The changes observed in the 
thymus translated to an increase In donor-derived peripheral T 
cells and we have shown thai this increase was at least in part due 
to an increase in thymic export. 

T cell-mediated immune responses are known to be diminished 
for an extended period following allc-HSCT. In this study, wc 
demonstrated that when tested, in vitro T cell function did not 
differ on a per cell basis when comparing ex and sham-cx mice 
following allo-HSCT, Using DTH as a measure of in vivo T cell 
function, castration before allo-HSCT lead to a stronger DTH (J 
ccli-mcdiatcd) response than that seen in control animals, suggest- 
ing that sex steroid ablation may enhance T cell function following 
HSCT in a persistent manner. 

Although B cell reconstitution following HSCT is compara- 
tively fast, functional deficiencies in these cells are present for 
extended periods after transplantation (57). In this study, we 
have shown that castraiion before allo-HSCT results in an in- 
crease in donor-derived B cell lymphopoiesis and subsequent 
increase in peripheral B cell numbers (also donor derived). 
Hence, as for T cells, sex steroid ablation leads to accelerated 
normalization of B cell numbers which may lead to an increase 
in B cell function. 

DCs arc the key mediators of negative selection in the thymus 
(58. 59) and in a transplant selling have been implicated in induc- 
ing graft acceptance by presenting alloentigcnjs in the thymus aOer 
transplantation, deleting newly arising donor-specific T cells. For 
example, donor-derived cells in ihe ihymi of MHC class I-mis- 
matched recipients mediate deletion of donor-reactive cells (60). It 
has also been shown that ihymus-dcrived DCs injected i.v. traffic 
to the host thymus (61), however, whether this occms physiolog- 
ically is unclear. Also, intnthymic injection of host cells pulsed 
with alJoandgen, donor cells, or donor-soluble peptides increases 
graft acceptance (62-65). In the current study, castration signifi- 
cantly increased the number of host and donor-derived DCs in the 
thymus following allogeneic HSCT. It is therefore possible that 
castration, used in conjunction with hemopoietic stem cell and 
solid organ transplantation, may increase graft acceptance. This is 
particularly relevant in the clinic where the vast majority of uans- 
plant* are performed on older adults in whom thymic function is 
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minimal and hence HSC uptake for chimera formation grcatfy 
retarded. 

Although tbey very likely aci via intermediate eeU types, both 
estrogen and testosterone can directly affect the differentiation and 
proliferation of HSfcs (35-37). Estrogen directly inhibits the pro- 
liferation and differentiation of HSCs as well as some lymphoid 
precursor subsets (36, 37). HSCs express functional estrogen re- 
ceptors (BRs) and estrogen administration decreases the number of 
Lin'c-Jtf^Sca-l* HSCs (35. 37). Thurmond et at (35) suggest 
mat the transition between c-Jfeir^Sca-l^ precursors and the more 
mature subsets (c-Mr^Sca-l ~ and c-Art~Sca-l") is blocked when 
ERa is present in the hemopoietic ceils of the BM (35). ERs are 
also present on BM stromal cells (66, 67), suggesting that es- 
trogen may also have an effect on the production of growth 
factors by the stroma, which in tum affects HSC proliferation 
and/or differentiation, 

RT-PCR of the BM in the present study provided evidence for 
an increase in KGF and a decrease in TGF-jS^— both potential mol- 
ecules involved in the castration— induced enhanced BM function, 
Use of KGF"'"" and tL-7~'~ mice demonstrated that boih of these 
may be required, yet ther e is also a wide body of evidence impli- 
cating 7GF-J9. 

BBtard et al- (69) have demonstrated that physiological con- 
centrations of TGF-/3> inhibit the proliferation and differentia- 
tion of HSCs in vitro. As a corollary, disruption of TGF-p sig- 
naling ia HSCs (Yiathe transient expression of a mutant type [I 
receptor) enhances survival and proliferation of these cells (69). 
These findings arc entirely consistent with the possibility that 
the increased number of HSCs seen 28 days after allogeneic 
HSCT and castration may in fact be due to a decrease in the 
production of TGF-£ by BM stromal cells, as indicated from the 
RT-PCR analysis. 

Several studies have shown that sex steroid ablation, be it by 
surgical or chemical castration, of male mice increases bod) BM 
and splenic B cell numbers (31, 70-72). Olsen ct al. (73) have 
demonstrated that androgens enhance the production of TGF-0i by 
Stromal cells within tfie BM, which in turn suppresses B cell devel- 
opment (73). In addition, neutralization of TGF-p, in vino reverses B 
ceil suppression by dihydro testosterone (73). It is therefore possible 
that in our setting of sex steroid ablation, the opposite is occurring. A 
decrease in androgens may lead to suppression of TCf^/Sj production, 
enhancing B lymphopoiesis. 

Sex Steroid ablation reverses flge-rebucd thymic atrophy (3-7). 
What remains to be fully understood is the mechanism by which 
this occurs. Using transfer experiments with wild-type and testic- 
ular feminization (tfm) mice, which have a point mutation in the 
androgen receptor, Olsen et al. (74) have shown that it is the pres- 
ence of a functional androgen receptor on the thymic epithelium 
but not on the thymocytes thai is essential for age-related thymic 
involution and the subsequent regeneration via sex steroid 
ablation. 

Although the molecular mechanisms for thymic involution 
and age-related B cell defects (and their subsequent reversal) 
remain unclear there are several potential candidates. Thymic 
IL-7 levels decline with age (2, 73, 76), but it is unclear whether 
this is due to a decrease in the number of cells that produce IL-7 
or a decrease in rhc ability of the existing cells to produce ihe 
cytokine. IL-7 treatment Of old mice can reverse age-related 
increases in thymic apoptosis and enhance ihymopoiesis (77). 
Stem cell factor and M-CSF mRNA expression is also de- 
creased in the mouse thymus wjth age (75). Scrapowski ct al. 
(7B) have monitored mRNA steady-state levels in aging humans 
and shown a significant increase in leukemia Inhibitory factor, 
oncostaiin M, IL-6, and stem cell factor mRNA. 



> IMMUNE RECONSTITUTION AFTER ALLOGENEIC HSCT 

The above studies suggest that it is unlikely that castration 
affects a single growth factor and it is more likely that the 
response Is multifactorial. Our experiments with castration of 
lL-7~'~ mice (Fig. 6B) suggest that increased production of 
IL-7 is an important component of the castration effect. How- 
ever, we observed an additive effect on thymic cellularity when 
recipients were treated with both high-dose IL-7 and castration, 
which would suggest that castration provides more thy mop oi- 
etic effects than increased IL-7 levels alone. The current study 
has clearly demonstrated chat sex steroid blockade has a pro- 
found positive effect on immune reconstitution following my- 
cloablaiion and allo-HSCT. HSC and B and T cell progenitor 
recovery was enhanced leading to increased T and B cell pro- 
duction in the primary lymphoid tissues and a subsequent In- 
crease in donor-derived peripheral lymphocytes, Furthermore, 
in vivo T cell function, as tested by DTH, is augmented. This 
provides an important platform for increasing the efficiency of 
cngraflmcnt and posttransplant strategies that depend on an in- 
tact hemopoietic system. 

When developing immune-enhancing treatments in the setting 
of allo-HSCT it is essential to also address the unique dichotomy 
of GVHD and the GVT response. In this study, wc have estab- 
lished that whUc sex steroid ablation enhanced in vivo T cell func- 
tion, GVT activity was maintained and, importantly, GVHD was 
not exacerbated. 

Collectively, these results suggest that transient sex steroid ab- 
lation (using, for example, LHRH agonists or antagonists) could be 
developed as a prophylactic therapy id enhance posttransplant im- 
mune reconstituiion in allogeneic HSCT, 
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